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The Ching-dar syncline is located to the west of the city of Birjand, in the east of Iran. The ca. 500 m thick
studied section at the eastern ﬂank of the syncline contains a sequence of almost continuous shallow-
marine limestones that exhibit no major sedimentary breaks or evidence for volcanic activity. Skeletal
grains consist of large benthic foraminifera and green algae whereas non-skeletal grains are mostly
peloids and intraclasts. They were deposited on a shallow-marine carbonate ramp. The limestones have
undergone extensive diagenetic processes with varying intensities, the most important of which are
micritization, cementation, compaction (chemical and mechanical), internal ﬁlling and stylolitization.
Chemical analysis of the limestone samples revealed high calcium and low magnesium content. Major
and minor element values were used to determine the original carbonate mineralogy of these lime-
stones. Petrographic evidence and elemental values indicate that calcite was the original carbonate
mineral in the limestones of the Ching-dar syncline. The elemental composition of the Ching-dar car-
bonates also demonstrates that they have stabilized in a meteoric phreatic environment. Variation of Sr/
Ca vs. Mn values suggests that diagenetic alteration occurred in an open geochemical system.
 2013, China University of Geosciences (Beijing) and Peking University. Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
In a preliminary geologic survey of central Lut and eastern Iran,
high relief exposures of Nummulitic limestones with marls, sand-
stones, conglomerates and a few occurrences of volcanic rocks were
reported from thewest and north of Khusf (west of Birjand city, east
of Iran) (Stöcklin et al., 1972). The carbonate rocks consist of diverse
foraminiferal fauna, skeletal and non-skeletal grains, abundant
micrite and some sparry calcite cement. Physical compaction has
induced ductile deformation of grains and chemical compaction
has produced abundant stylolites.mi Azizi).
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evier
sity of Geosciences (Beijing) and PThe present study investigates the diagenetic environment and
the original mineralogy of the limestones from the Ching-dar
syncline using petrographic evidence, major (Ca, Mg) and minor
(Sr, Mn, Na, Fe) element geochemistry, and compares these data
with modern tropical (Milliman, 1974; Rao, 1990, 1991) and
temperate (Rao and Adabi, 1992; Rao and Jayawardane, 1994; Rao
and Amini, 1995) carbonates.2. Geological setting
The Lut Block (east of Iran) extendsover 900 km in anorthesouth
direction and has awidth of only 200 km in the eastewest direction.
It is conﬁned by the Nayband Fault and Shotori Range to the west.
The eastern edge is bordered by the Sistan Suture Zone and Neh-
bandan Fault. The northern end of Lut Block is the depression of
Kavir-e-Namak and the Great Kavir Fault. The paleotectonic setting
of Lut Block is not well understood (Karimpour et al., 2011). Some
preliminary studies have been carried out on the tectonics and
magmatism of Lut (Berberian and King, 1981; Camp and Grifﬁs,
1982; Tarkian et al., 1983; Tirrul et al., 1983). The Lut region evin-
ces a platformal character in its sedimentation during the whole of
the Paleozoic era. Due to intense orogenic movements duringeking University. Production and hosting by Elsevier B.V. All rights reserved.
Figure 1. Left: Structural and geographic framework of Iran showing the main sutures, structural units and geographic areas (Wilmsen et al., 2009). Righ Simpliﬁed location map of the study area.
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Figure 2. Stratigraphic sequence and rock components percentage diagram of studied succession in the Ching-dar syncline.
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which in turn has led to reactivation of the different lineaments that
separated central Iran into mosaic-like blocks (Tarkian et al., 1983).
The central Lut is separated from the Tabas Block to the west by the
marked NS structure of the Shotori Range. Compared to its present
position, the Lut Block underwent an anti-clockwise rotation of
30e90, possibly during the Tertiary, relative to Eurasia (Westphal
et al., 1986) due to the collision of India (and Afghanistan) with
Eurasia (Karimpour et al., 2011).
The Ching-dar syncline is located within the Lut Block (Wilmsen
et al., 2009), about 65 km west of the Birjand city (Fig. 1). The
studied section (about 500 m thick) is located on the eastern ﬂank
of the Ching-dar syncline, which contains a sequence of almost
continuous shallow-marine sediments and which exhibits no ma-
jor sedimentary breaks or volcanic activity (Fig. 2). The age of the
succession has been determined as ThanetianeLutetian based on a
study of benthic foraminifera (Ranikothalia sindensis) (Shaeri
Kheibari et al., 2012).
Stratigraphically, the Ching-dar syncline is dominantly made up
of PaleoceneeEocene limestones and shales. The exposed section is
composed of colorful thick-bedded hard crystalline, massive,
jointed and highly fossiliferous limestones rich in large benthic
foraminifera (Fig. 3). The carbonate rock units range in thickness
from about 3 to 97.5 m and vary in color from yellowish-creamy to
light-brown and pale-green. They are characterized by calcitic
seams which extend along the bedding.
3. Material and methods
Samples were collected from locations near signiﬁcant litho-
logical changes within the stratigraphic succession of the Ching-dar
syncline (Fig. 2). One hundred and thirty eight polished thin sec-
tions were prepared and studied. For the purpose of determining
ferroan and non-ferroan calcite and dolomite, the samples were
stained with potassium ferricyanide and alizarin-red S solutions
(Dickson, 1965). Whole-rock powders of 15 samples were dissolved
in 1 N HCl (El Hefnawi et al., 2010) and 10 samples with less than
10% insoluble residue were collected and analyzed by atomic ab-
sorption spectrometer (AAS) for Ca, Mg, Sr, Na, Mn and Fe at the
Department of Chemistry, Ferdowsi University of Mashhad, Iran
(sample locations are shown in Fig. 2).
4. Petrography
Carbonate rocks of the Ching-dar syncline, which consist of
wackestone, packstone, grainstone exist in the form of thin,Figure 3. Outcrop view of the highly fossiliferous Ching-dar limestones. Large benthic
foraminifera are easily discernible. Marker is 15 cm long.medium and thick beds. The major components are skeletal and
non-skeletal grains, abundant sparry calcite cement, micrite and
some quartz grains; these limestones are rich in large benthic
foraminifera (Figs. 3e7). The results of microscopic studies
revealed that the studied sequence has been formed by nine car-
bonate microfacies including: Fossiliferous Clayey Wackestone
(F1), Orthophragminid Packstone (F2), Nummulites/Assilina
Wackestone (F3), Nummulitid/Intraclastic Packstone to Grainstone
(F4), Intraclastic/Rotaliid Packstone to Grainstone (F5), Soritid
Grainstone (F6), Nummulites/Alveolinid Packstone (F7), Alveolinid
Wackestone to Packstone (F8), Nummulitid Wackestone (F9) that
are related to three facies belts of a carbonate ramp such as
lagoon, shoal and open marine. Abundance of benthic foraminifera
(Assilina and Discocyclina) and lime mud in the microfacies F1, F2
and F3 indicate these to be packstones deposited in a quiet water
condition within the middle ramp zone. Microfacies F4, F5 and F6
are grainstones including benthic foraminifera and intraclasts that
were deposited in an environment of relatively agitated water like
that in shoals. Finally, the presence of benthic foraminifera with
porcellanous and agglutinated crusts (Hashemi Azizi, 2011) in-
dicates that microfacies F7, F8 and F9 are wackestones and pack-
stones deposited in a restricted shallow quiet water zone like a
lagoon.
4.1. Skeletal grains
Skeletal grains are mostly large benthic foraminifera, including
Nummulites, Alveolinid, Rotaliidae, Orthophragminid, Soritid, echi-
noderms, calcareous green algae and gastropods. Shell structures of
foraminifera and gastropods are generallywell preserved. Syntaxial
rim cements on crinoids are abundant (Fig. 4A). Some skeletal
grains are micritized due to algal boring (Fig. 4B).
4.2. Non-skeletal grains
Non-skeletal grains are abundant and mainly consist of peloids
and lesser quantities of intraclasts. The latter contains debris of
bioclasts and micrites (Fig. 5A) and have been partially or
completely micritized due to algal boring (Fig. 5B). Intraclasts
containing whole fossils suggest that the winnowed platform edge
zone was very shallow and that the intraclasts were formed by
reworking of semi-lithiﬁed sediments by moderate currents.
Peloids are dominant in many samples and are generally associ-
ated with foraminifera particularly agglutinated and porcellanous
ones, which are surrounded by micritic matrix. Most peloids in the
Ching-dar syncline carbonates are uniform in size, but a few
samples reveal considerable irregularity. The uniformity of shape
and size, and the well-sorted nature of the peloids indicate that
these are fecal pellets, which are produced primarily in a quiet
saline sea water with a muddy substrate. The presence of fecal
pellets usually indicates low-energy, warm seas supersaturated
with respect to CaCO3 and having a restricted circulation (Scofﬁn,
1987).
5. Diagenesis
After deposition, the chemical/biochemical sediments are
buried under successive layers of younger sediments. The
increasing temperatures and pressures encountered during burial
bring about diagenesis of the sediments, leading to dissolution and
destruction of some constituents, generation of some newminerals
in the sediment, and eventually consolidation and lithiﬁcation of
the sediment into sedimentary rock (Boggs, 2009). Petrographic
investigations indicate that the diagenetic processes which have
modiﬁed the sequence of the Ching-dar limestone consist of
Figure 4. Photomicrograph showing (A) syntaxial rim cements on echinoid fragment, Sample#H18 (XPL); (B) Nummulites test with micritic envelope, Sample#H52 (PPL).
S.H. Hashemi Azizi et al. / Geoscience Frontiers 5 (2014) 429e438 433micritization, cementation, compaction, dissolution and internal
ﬁlling.
5.1. Micritization
Micritization, as a type of relatively weak marine diagenetic
process, takes place in a disturbed or intermittently disturbed
shallow water environment. It requires the carbonate grains to
remain on the seaﬂoor for a long period of time rather than being
quickly buried (Wei, 1995; Kabanov, 2000). Micritization is the
process whereby the margins of carbonate grains are replaced by
micrite at or just below the sediment/water interface. The process
involves microbes attacking the outside of grains by boring small
holes in them, which are later ﬁlled with micritic cement (Adams
and MacKenzie, 1998). Endolithic algae, fungi, and bacteria play a
major role in bioerosion by producing micritic envelopes (Fig. 4B),
occurring within the phreatic zone (Bathurst, 1980). Repeated
micritizationmay lead to destruction of the original grain structure.
Micritization is obvious with a dark rim around skeletal grains such
as Rotaliidae and Nummulites in the studied limestones.
5.2. Cementation
Obvious signs of the effect of diagenesis are pore-ﬁlling cements
which are seen in thin sections of carbonate rocks. Cementation is
the process of precipitation of space-ﬁlling crystals (Adams and
MacKenzie, 1998).Figure 5. Photomicrograph showing (A) intraclasts containing bioclasts and pelmicrite/micr
mosaic cement. Some intraclasts dissolved and ﬁlled by sparry calcite cement, Sample#H4Theprecipitation of cement is evident in the examined carbonate
rocks. It is developed within both intergranular and intragranular
pores as well as fractures. Different generations of sparry calcite
cementation are recognized in limestones of the Ching-dar syncline
ranging from marine through meteoric to some burial cement. In
total three generations of cements were identiﬁed; the earliest
generation isﬁne crystalline rim cement around allochems (Fig. 6A),
which is rare due to constraints imposed by time and ﬂuid com-
positions. Thus lithiﬁcation is incomplete, whereas compaction has
induced a lot of changes. The second generation of cement is rela-
tively large in size and ﬁlls the spaces between allochems and also
the internal space in allochems produced by aragonite dissolution
(Fig. 5B). The third generation of cement occupies fractures (Fig. 6B).
Drusy calcite spar is also a characteristic pore-ﬁlling cementwith an
increasing crystal size toward the pore center of most foraminifera
(Fig. 6C). As mentioned above in the discussion on petrography,
syntaxial rim cement is obviously seen on crinoids (Fig. 4A).
5.3. Compaction
Compaction processes have been observed in the studied
limestones. In thin section, Nummulites commonly show evidence
of compaction as a result of progressive increase in overburden
pressure during burial. Before cementation, compaction takes place
dominantly by mechanical processes. With increase in overburden
pressure, more stress is placed on the grain-to-grain contacts and
the compaction starts to proceed by chemical processes. Bothite (arrows), Sample#H49 (PPL); (B) micritized intraclasts and intergranular pore-ﬁlling
9 (XPL).
Figure 6. Photomicrograph showing (A) ﬁne crystals of rim cements around intraclasts (arrows), Sample#H49 (XPL); (B) cement in fractures, Sample#H51 (PPL); (C) drusy calcite
spar in fracture and foraminiferal pores (arrows), Sample#H27 (XPL); (D) point contact of Nummulites, Sample#H2 (PPL).
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overburden of tens to a few hundred meters. Meyers (1980) stated
that most nonstylolitic compaction is completed before burial by
about 1980 m of overburden. Under a thicker overburden, a well-
developed, thorough-going stylolite compression takes place. Two
types of compaction are observed in the studied samples.
5.3.1. Mechanical compaction
Mechanical compaction is associated with dehydration, porosity
reduction, and signiﬁcant decrease of up to one quarter of the
original thickness of sediments (Flügel, 2004). This includes re-
packing of allochemical components in rocks. The parallelism of
Nummulites can be visible even in hand specimens. Shell penetra-
tion is also commonly encountered. The types of grain contact
produced by mechanical compaction in the studied limestones are
point contact (Fig. 6D) and tangential contact (Fig. 7A).
5.3.2. Chemical compaction or pressure dissolution
Chemical compaction is a potentially important cause of the
dissolution of calcium carbonates and the formation of stylolites
which penetrate all the rocks, apart from the allochems. Later the
dissolved calcium carbonate may be precipitated in suitable
openings or ﬁssures, forming calcite veinlets (Fig. 6B and C)
(Wanless, 1979). Progressive solution leads to alteration of the
grain-to-grain contacts from the original point contacts, through
planar (or tangential) contacts to interpenetration (concavo-
convex), and sutural grain-to-grain contacts. Chemical compaction
is a very important diagenetic process in a burial environment. In
addition, producing pressure-dissolution fabric, such as stylolites,
leads to the dissolution of grains and matrix, which is an important
source of burial calcite cement (Zhang et al., 2006).During the chemical compaction process, the Nummulites tests
have been dissolved at their contacts leading to the phenomenon
known as pressure solution or stylolite (Fig. 7B). Buxton and Sibley
(1981) and Bathurst (1987) classiﬁed the chemical compaction
into three groups: ﬁtted fabric, stylolites, and pressure-dissolution
seams. The ﬁtted fabric is a kind of pressure dissolution occurring at
contact points between grains which mainly develop in grainstone
with little or no early cement. The pressure-dissolution seams are
smooth, undulose, and anastomosing horizons of insoluble residue
between bodies of rock larger than individual grains. Stylolites have
developed widely in the studied rocks. Distribution of stylolites is
parallel to the bedding of limestones. They are sutured surfaces that
pass through grains, cement, and matrix indiscriminately. Clay, iron
oxides and organic matter, the insoluble residues from the disso-
lution of limestones, are usually concentrated along the stylolites.
Chemical compaction in the studied limestones has produced
concavo-convex (Fig. 7C) and sutured grain contacts (Fig. 7D).
5.4. Internal ﬁlling
Internal ﬁlling (or fracture and cavity ﬁlling) is distributed in the
studied rocks (Fig. 6B and C). Fractures are predominantly ﬁlled
with drusy and granular mosaic calcite cement which indicates
formation in a meteoric phreatic environment at the mesogenesis
stage.
5.5. Diagenetic sequence
Longman (1980) emphasized that diagenesis of carbonate rocks
can take place in one or more of the four main environments: (1)
burial; (2) marine phreatic, which is subdivided into active and
Figure 7. Photomicrograph showing (A) tangential contact of Alveolina and Nummulites, Sample#H18 (PPL); (B) stylolite (arrows), Sample#H2 (XPL); (C) concavo-convex contact
between foraminifera (arrows), Sample#H39b (PPL); (D) sutured contact of Nummulites (arrow), Sample#H29 (PPL).
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meteoric vadose (above water table) environments.
Diagenetic modiﬁcation of the Ching-dar limestones (Fig. 8)
commenced with micritization as a result of boring by micro-
organisms. This was accompanied and followed by equant iso-
pachous calcite cementation at a very early stage or eogenesis
stage (Fig. 6A). Dissolution then partially removed this rim
cement, simultaneously with carbonate mud matrix. Precipitation
of equant sparry calcite cement (Fig. 5B) was followed byFigure 8. Diagenetic sequence in the Ching-dar limesrecrystallization of micrite into microsparite (which probably
continued with increasing depth of burial). The later diagenetic
stage or mesogenesis involving increasing burial and compaction
led in sequence to:
 Grain orientation.
 Breakage and deformation of bioclasts.
 Development of pressure solution seams, micro-stylolites and
stylolites.tones (inspired by Anketell and Mriheel, 2000).
Figure 9. Outcrop view of the Ching-dar limestones. Dissolved pits and vugs are
visible. Hammer is 35 cm long.
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developed as a result of reprecipitation following pressure
dissolution.
 Fracture development followed by precipitation of drusy
calcite cement.
When limestones are uplifted into the meteoric vadose zone,
additional solution by undersaturated meteoric water may occur at
the telogenesis stage. This results in the formation of pitted outcrop
surfaces and vugs (Fig. 9).6. Geochemistry
6.1. Major elements
The concentration of Ca in the studied limestones is about
44.59e55.64wt.% and Mg is about 0.53e3.30wt.%. The plot of Ca
versus Mg separates limestone samples from dolomite. The
geochemical results show that the samples are completely
composed of limestones.6.2. Minor elements
6.2.1. Strontium
The concentration of Sr in recent tropical carbonate sediments
ranges from 8000 to 10,000 ppm (Milliman, 1974), whereas in
recent temperate carbonates it ranges from 1642 to 5007 ppm
(Adabi and Rao, 1991). The Sr content varies with carbonate
mineralogy, increasing with increasing aragonite content (Adabi
and Rao, 1991) and decreasing with increasing calcite content.
Concentrations of Sr have also been directly related to increasing
water temperature (Morse and Mackenzie, 1990).Table 1
The concentrations of Sr, Na, Mn and Fe before and after subtraction of acid insoluble re
Sample no. Sr (ppm) Rev. Sr (ppm) Na (ppm) Rev. Na (ppm
H7 117.27 145.68 312 387.57
H8 122.75 164.54 267 357.91
H24 155.77 191.13 324 397.55
H25 119.19 173.49 311 452.69
H31 135.36 150.4 269 298.89
H32 108.5 172.22 347 550.79
H41 117.55 166.5 266 376.77
H43 118.11 121.14 271 277.95
H46 145.49 158.14 268 291.3
H47 136.18 148.02 260 282.61The concentration of Sr in the Ching-dar limestones samples
ranges from 121.14 to 191.13 ppm (mean ¼ 159.12 ppm) (Table 1,
Fig.10A). Sr values of these samples are less than that of their recent
limestone counterpart. This indicates that the Ching-dar limestones
were affected by meteoric diagenesis (Veizer, 1977).
6.2.2. Sodium
The concentration of Na in recent tropical abiotic aragonite
ranges from 1500 to 2700 ppm (w2500 ppm) (Land and Hoops,
1973; Veizer, 1983; Rao and Adabi, 1992). Na concentrations in
carbonate sediments are related to salinity, biological fractionation,
kinetics, mineralogy and water depth (Land and Hoops, 1973;
Morrison and Brand, 1986; Rao and Adabi, 1992).
The concentration of Na in the Ching-dar limestone samples
ranges from 277.95 to 550.79 ppm (mean ¼ 367.4 ppm) (Table 1,
Fig. 10B and C). Because of the meteoric diagenetic processes, Na
values are lower than those of their modernwarm-water aragonitic
counterparts (Veizer, 1977). Since the values of Na are trivial in
meteoric water (due to the low partition coefﬁcient factor),
diagenetic imprints show signiﬁcant low Na concentration.
6.2.3. Manganese
In modernwarm-water aragonite, Mn and Fe concentrations are
less than 20 ppm (Milliman, 1974). The concentration of Mn in the
Ching-dar limestones samples ranges from 61.3 to 221.3 ppm
(mean ¼ 131.44 ppm). The bivariate plot of Sr/Ca vs. Mn shows that
the limestones have been stabilized by meteoric phreatic ﬂuids in
an open diagenetic system (Brand and Veizer, 1980; Hashemi Azizi
et al., 2011) (Table 1, Fig. 10D).
6.2.4. Iron
Fevalues in thebulk sediment range from1697.20 to 9561.63ppm
(mean 4263.54 ppm) (Table 1). Increase in Fe concentration could
result from meteoric diagenetic processes and reducing conditions
and in the Ching-dar limestones reducing conditions at deep water
levels must have contributed to the high Fe values.
6.3. Sr/Mn ratio
Alteration of aragonite and unstable high-magnesian calcite into
low-magnesian calcite decreases Sr values and enhances Mn con-
centration. The reaction rate is higher at the surface and meteoric
water penetration reduces the Sr/Mn ratio (Budd, 1992) (Fig. 10A),
indicating that meteoric diagenesis has affected the Ching-dar
limestones.
6.4. Sr/Na ratio
Modern and ancient tropical carbonates differ from their non-
tropical counterparts in their Sr/Na ratio and Mn contents (Rao,
1991; Wineﬁeld et al., 1996). Modern tropical aragonitic sediments
contain low Mn and high Sr/Na ratio (ranging from 3 to w5); insidue.
) Mn (ppm) Rev. Mn (ppm) Fe (ppm) Rev. Fe (ppm)
85.65 106.4 3297.63 4096.43
110.12 147.61 3071.44 4117.21
134.92 165.55 2498.11 3065.17
153.41 223.3 4464.3 6498.25
95.53 106.14 2630.96 2923.29
91.77 145.67 6023.83 9561.63
137.88 195.3 4440.49 6289.65
59.77 61.3 1654.77 1697.2
80.94 87.98 1750.01 1902.18
69.18 75.2 2285.72 2484.48
Figure 10. (A) Sr/Mn vs. Mn variations in the Ching-dar limestones. Dissolution of aragonite and transformation of unstable high-magnesian calcite to low-magnesian calcite
decrease Sr values and increase Mn concentration, indicating that meteoric diagenesis (Budd, 1992) has affected the Ching-dar limestones. (B) Mn and Sr/Na variations in the Ching-
dar limestones, compared with ﬁelds of recent temperate whole carbonate (Rao and Adabi, 1992; Rao and Jayawardane, 1994; Rao and Amini, 1995), recent tropical shallow-marine
aragonite (Milliman, 1974), subtropical warm-water Ordovician aragonite (Rao, 1990, 1991). Note that the dominant data fall within the recent temperate whole carbonate ﬁeld. (C)
Na and Mn variations in the Ching-dar limestones. Fields are similar to (B). (D) Mn and Sr/Ca variations in the Ching-dar carbonates. This trend shows that these carbonates were
affected by meteoric phreatic ﬂuids in an opened diagenetic system (Brand and Veizer, 1980).
S.H. Hashemi Azizi et al. / Geoscience Frontiers 5 (2014) 429e438 437contrast, modern temperate bulk carbonates have high Mn, and low
Sr/Na ratios (w1) (Fig.10B). In theChing-dar limestones (Fig.10B), Sr/
Na concentrations range from 0.31 to 0.54 (mean ¼ 0.44), which is
similar in value to recent temperate whole carbonate.
7. Conclusion
The study of the Ching-dar limestones has resulted in the
following conclusions:
The diverse skeletal and non-skeletal grainswith abundant large
benthic foraminifera and rare calcareous green algae present in the
Ching-dar limestones show that these carbonates are similar to
those of modern shallow-marine carbonates. Diagenetic modiﬁca-
tion of the Ching-dar limestones commenced with micritization.
This was accompanied by equant isopachous calcite cementation at
the eogenesis stage. Dissolution then partially removed this rim
cement, simultaneously with carbonate mud matrix. Precipitation
of equant sparry calcite cementswas followed by recrystallization of
micrite into microsparite with increasing depth of burial. At the
mesogenesis stage with increasing burial and compaction, grain
orientation and ﬁtted fabric texture developed and this in turn lead
to the development of pressure solution seams,micro-stylolites and
stylolites. Fracture development was followed by precipitation of
drusy calcite cement. Uplift thrust the limestones into the meteoric
vadose zone and additional solution by undersaturated meteoric
water at the telogenesis stage resulted in the formation of pitted
outcrop surfaces and vugs.
The low amounts of Na and Sr and also the increase in concen-
tration of Fe and Mnwithin the studied limestone samples could bedue to theactionofmeteoricwaters; alsoFeandMncontents arehigh
in reducing environments. In general, values of Na, Sr, Fe, and Mn in
the Ching-dar limestone samples could have resulted frommeteoric
diagenetic conditions. Decreasing Sr and increasingMn contents due
to aragonite dissolution, and the high-magnesian calcite to low-
magnesian calcite change also conﬁrms the meteoric diagenesis
condition. Elemental studies of carbonate rocks of the Ching-dar
limestones suggest that these carbonates were deposited in a
temperate paleo-environment. The low ratio of Sr/Na which is less
than 0.5 (average 0.44) conﬁrms an original calcitic mineralogy.Acknowledgment
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